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Abstract 
Some earthquakes that occurred recently, such as the earthquake in Aceh, Padang, Yogyakarta, and in other areas 
have been many casualties, loss of property, as well as damage to reinforced concrete buildings. Seeing this situation, 
especially in Indonesia, region frequent earthquakes, a guideline of vulnerability assessments needs to be proposed. 
This paper presented the evaluation of the vulnerability of reinforced concrete buildings against earthquake loads. In 
support of this study, it was necessary to collect data from a case study before damage occurred and the observation 
conditions after earthquake of the buildings. Previous studies have been conducted a testing of a case study by 
providing lateral loads of a building to simulate the earthquake loads. The testing was intended to obtain some type 
of damage from each step of the loading. This study was conducted to find out the behaviour of damage and deviation 
that occurred in the case study based on a numerical analysis. Comparing the testing and numerical analysis of the 
buildings, the analyses were used to make a recommendation whether the building was still in a state of Immediate 
Occupancy, Life Safety, or Collapse Prevention. The results showed that a proven of assessing visually of the building 
was agree with the numerical results. This study also made vulnerability assessment forms after earthquakes and a 
justification of the assessment for reinforced concrete buildings.  
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1. Introduction 
Indonesian archipelago located between 6 to 11 North latitude, and between 95 to 141 East latitude and lies in the 
clash of the Earth's crust are three plates, i.e. Eurasian, Pacific and India Australia plates. From geologically, the 
Indonesian archipelago is at the confluence of two major seismic lines, namely Circum-Pacific and Trans-Asiatic
lines. Therefore, the Indonesian archipelago is located in an area that has fairly high earthquake activity. Indonesian 
regulation of earthquake loads divided into three sets Indonesia earthquake area, where the earthquake area 1 is the
region with the highest seismicity and earthquake of area 3 is the lowest seismicity.
Distribution of this earthquake area is based on the peak bedrock acceleration due to the influence of the earthquake
period of 500 years. The earthquake when occurred in the high scale can damage the residential buildings, the critical
facilities and infrastructure. The damages that caused by earthquakes in the past shows that the magnitude of the losses
we have experienced. Some buildings, especially housing residents, offices and schools, which are in high seismic
regions, are particularly vulnerable in the earthquakes. The damages of the buildings and public infrastructure caused 
by the earthquake loads are generally affected due to planning and constructing that does not pay attention to
earthquake-resistant building standards6. Wahyuni et al5 stated that the most damage due to earthquake loads is
occured in the non-engineered building, which is a building planned by the local people without regarding to standard
planning.
Indonesian has a standard no.1726-2013, a regulation of earthquake loading on structures, and standard no. 2847-
2002 on the structural design of earthquake resistant concrete buildings. Nevertheless, there are still many buildings 
constructed without regard to the regulation5. The more building constructions do not comply with the safety standards
of the building, thus the number of buildings that are susceptible to damage will increase. Based on the experience of
the natural disasters in the past, a building which has a fairly high vulnerability becomes a major cause of fatalities in 
an earthquake disaster. This is in accordance with the saying goes: "Earthquake does not kill people, but buildings
do".
Some earthquakes that occurred recently, such as the earthquake in Aceh, Nias, Yogyakarta and in other areas have 
been many casualties and property losses, including the destruction of building houses, as well as damage to public 
facilities such as schools, hospitals and office buildings insufficiently established to anticipate the danger. Seeing this 
situation, especially for the high earthquake zone, a vulnerability assessment needs to be done. This study evaluated
the vulnerability of reinforced concrete building structures against earthquake loads. Wahyuni et al5 stated that the
concrete building structure has a fairly high vulnerability, especially in the highest earthquake zone in Indonesia1. The 
processes of construction of the concrete building structures that are usually done cast-in-situ often lack good quality
control. Thus, the quality of the buildings built will also be deteriorated. This will get worse if during the building
constructing do not pay attention to the rules that apply in Indonesia. As a result, the building will have a fairly high
level of vulnerability and will be susceptible to damage or even collapse when exposed to the earthquake loads.
The objective of this study is to analysis the vulnerability of reinforced concrete (RC) buildings and to make a 
practical assessment form of RC building post-earthquake and a justification form of classification of the building 
damages for structural and non-structural elements of the buildings. A case study of a RC building was used to apply 
and evaluate the proposed assessment procedure.
2. Case Study
Two-story RC building is selected as a case study to assess the reinforced concrete building. The building located 
is in a low seismic area. According to material tests, the concrete compressive strength is 15.1 MPa, and the yielding 
strengths of longitudinal steel bar and transverse reinforcement are 287.2 MPa and 477.2 MPa, respectively. The 
ultimate strengths of longitudinal steel bar and transverse reinforcement are 425.5 MPa and 678.1 MPa, respectively. 
The building height of each story is 3.6m. The plan view of the building and its model with SAP2000 are shown in 
Figures 1a and 1b respectively. The elements of the building structures were checked and met Indonesian Design 
Standard1,2.
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Fig. 1. (a) Plan view; (b) Story building model 
The building was tested with a lateral loading on the top story. Using the displacement targets from 0.25% to 5%, 
the base shear of the building found out. The testing results, which shown the relationship among the displacement 
targets (%), the roof displacement (mm) and the base shear (ton), is shown in Table 1.
     Table 1. Building Testing Results 
Target Displacement (%) Roof Displacement (mm) Base Shear (Ton)
0
0.25
0.50
0.75
1.00
1.25
1.50
1.75
2.00
2.25
2.50
5.00
0
18.39
36.78
55.16
73.55
91.94
110.33
128.71
147.10
183.88
220.65
376.75
0
90
114
116
115
114
111
107
102
91
87
33
3. Pushover Analysis4
Pushover analysis is a non-linear static analysis procedure to identify the building collapse behavior toward 
earthquake. The analysis is conducted by giving a lateral load static pattern on a reference point, which then gradually 
increased with a multiplier factor to a target lateral displacement. Usually the point is a point on the roof, or more 
precisely, is the center of mass of the roof. The curve from the testing results describes the relationship between the
base shear forces (V) versus the displacements (D) of reference point. 
The capacity curve shows a linear condition before reaching the plastic point and subsequent non-linear behavior. 
The purpose of pushover analysis is to estimate the maximum force and deformation and to obtain information on 
which parts are critical. Furthermore it is able to identifiable parts of the structure that require special attention to 
(b)
(a)
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detail. Pushover analysis can be used as a tool for earthquake resistant design and assessment but it still has limitations, 
that is: 
• Results are still to be a pushover analysis approach, because however the actual behavior of the earthquake is to 
be back and forth through a particular cycle, while the nature of loading on the static monotonic pushover analysis.  
• Selection of the lateral load pattern used in the analysis is very important.  
• To create a model of nonlinear analysis would be more complicated than the linear analysis model. The model 
must take into account the inelastic load-deformation characteristics of the elements that are important.  
In previous study7 has been conducted testing by providing lateral load to the longitudinal axis of the building using 
two tools actuator on the 1st floor and floor roof. The roof of the building will generate value deviation from a given 
load. The building suffered some type of damage from each step of loading. This study was conducted to look at the 
behavior of damage and deviation that occurs based on a numerical analysis using the nonlinear static pushover 
analysis that will be followed by the assessing of the vulnerability of the building conditions7. Figure 2 shows the 
capacity curve of the 2-story building using finite element software4 together with testing results.
4. Vulnerability Assessment 
The performance of a structure in FEMA 3563 is divided into Structural Performance Level (SP-n, where n indicates 
the number) and Non-structural Performance Level (NP-n, where n indicates the letter). This can be specified 
individually, however, a combination of both determines the overall performance level of the building.
Structural performance levels of the building are: 
• Immediate occupancy (SP-1): the limit of damage structural with the vertical base style and resistance system of 
lateral style most of the character and its capacity before the earthquake.  
• Damage control (SP-2): the condition of the damaged somewhere between the Immediate Occupancy and Life 
Safety.  
• Life safety (SP-3): the significant damage to some edge of either total or partial collapse. Disadvantages occur 
with low-risk threat to safety. Recovery is not economically feasible. 
• Limited safety (SP-4):  the condition where the damage is between Life safety and structural stability. 
• Structural stability (SP-5): structural damage in large numbers in which the system structure on the boundary of 
experiencing some or whole collapsed. The big risk is still exists. Recovery is not possible both technically and 
economically. 
• Not considered (SP-6): The situation where only does the evaluation of non-structural or seismic retrofit. 
Non-structural performance levels of a building3 are: 
• Nonstructural Performance Level N-A, Operational, shall be defined as the post-earthquake damage state in which 
the nonstructural components are able to support the pre-earthquake functions present in the building.
• Nonstructural Performance Level N-B, Immediate Occupancy, shall be defined as the post-earthquake damage 
state that includes damage to nonstructural components, but building access and life safety systems—including 
doors, stairways, elevators, emergency lighting, fire alarms, and suppression systems—generally remain available 
and operable, provided that power is available. 
• Nonstructural Performance Level N-C, Life Safety, shall be defined as the post-earthquake damage state that 
includes damage to nonstructural components but the damage is non-life threatening. 
• Nonstructural Performance Level N-D, Hazards Reduced, shall be defined as the post-earthquake damage state 
that includes damage to nonstructural components that could potentially create falling hazards, but high hazard 
nonstructural components identified are secured and will not fall into areas of public assembly. Preservation of 
egress, protection of fire suppression systems, and similar lifesafety issues are not addressed in this Nonstructural 
Performance Level.  
• Nonstructural Performance Not Considered (N-E), a building rehabilitation that does not address nonstructural 
components shall be classified as Nonstructural Performance Not Considered (N-E). 
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At the level of performance of structures assessment carried out by the relationship between the base shear 
displacement due to static load, and the level of performance of a structure based on the comparison of the results of 
field testing pushover analysis. Here, a comparison of the capacity curve of the field test results with the results of 
pushover analysis of the 2-story building is shown in Figure 2. The comparison of the capacity curve from pushover 
analysis and for the testing is quite close one to others. Base on this result, the pushover analysis can be used to assess 
the building when no field testing conducted.
Fig. 2. Comparison of base shears and roof displacements from numerical analysis and field testing of 2 story building
An assessment of the condition of the building was conducted to determine the exact condition of each building 
by the earthquake, so it can be appropriate handling activities. Indicators of health facility condition assessment are
based on two important aspects, namely structural and non-structural, as explaining in the performance level. Both 
aspects have been translated into several variables: Structural aspects related to the physical condition of the building 
after the earthquake. Variables assessed were the condition of the columns, beams, walls, plates, roof, with justification 
IO (Immediate Occupancy), LS (Life Safety), CP (Collapse Prevention); Nonstructural aspects, variables assessed 
were the partition / bulkhead, ceiling, parapets, stairs, doors, pipes, with justification IO (Immediate Occupancy), LS 
(Life Safety), HZ (Hazards Reduced).
Based on the results of testing of the 2-story building, the overall condition of the building columns were severe 
damage, which occurred spelling and sizeable deviations in several columns when the building collapsed. From the 
observation of the column damages, it can be calculated a percentage that indicates damage to the total columns as 
shown in Table 2.  The observation also was done to the other elements such as beams, concrete walls, concrete plates, 
and roof. The total score of all structural elements shows the indication of the damage as shown in Table 4. The 
observation of the partitions as non-structural elements has been done as provided in Table 3 to show the indicator of
the damage score of the non-structural elements. The other observations were done to the other non-structural elements
such as ceiling, stairs, door/windows and piping. The total score of all non-structural elements provided the indication
of the damage as shown in Table 5.
Table 2. Indicator of structural aspects of the RC building 
Structural Element Indicator Score Justification
Columns Cracks occur on the surface of the column (0,2mm-1mm), cause cracks in 
connection with crack width <1.5 mm, not potentially destabilizing buildings, severe 
damage to the component level <25%
1 IO
Columns have peeling in a blanket, having split the slide in connection with crack 
width <3.1 mm, severe damage in a short column, potentially destabilizing the 
building, severe damage to the component level ranged between 25% - 50%
3 LS
Column partially broken concrete, reinforcement visible, broken / detached from the 
main structure, resulting in a change in the shape of the building (oblique / collapse), 
severe damage to the components> 50%
5 CP
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Table 3. Indicator of non-structural aspects of the RC building 
Non-Structural Element Indicator Score Justification
Partitions
Minor cracks with a width of <1.5 mm, worth function / habitation, small 
cracks at the partition corners 1 IO
Severe damage at some parts of the partitions 3 LS
Severe damage in all partitions 5 HZ
Figure 3. Damage on the building  (a). A Column; (b). A Partition 
A justification assessment is carried out to ascertain the extent of damage and the urgency of treatment. Based on 
the physical assessment during first step loading as shown in Figure 3, it classified the building damage level to 
determine the retrofitting type of the buildings. The condition of the building has been calculated by using scoring for 
each criteria (structural and non-structural elements) as shown in Tables 2 and 3 respectively. As shown in Table 4,
the total score of the structural elements is 7 or the damage level 20%, and the building is classified in a slightly 
damage. The total score of the non-structural components is 6 or only 10% damage, thus the building is classified in 
slightly damage as shown in Table 5. The conclusion for the building post-earthquake is slightly damage, thus the 
building can be used after the minor damages are repaired.
Table 4. Justification of Structural Elements
Damage Level Total Score FEMA 356 Classification
0 0 No Damage
Slightly Damage10 5
Immediate Occupancy20 7
30 9
40 12
Damage Control
Moderately Damage50 14
60 16
Life Safety
70 18
80 20 Limited Safety
Severely Damage
90 22 Collapse Prevention
100 25 Collapse
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Table 5. Justification of Non-Structural Elements
Damage Level Total Score FEMA 356 Classification
0 0 No Damage
Slightly Damage10
6
Immediate Occupancy20 9
30 11
40 14
Damage Control
Moderately Damage50 17
60 19
Life Safety
70 22
80 25 Limited Safety
Severely Damage90 27 Collapse Prevention
100 30 Collapse
5. Conclusions 
1. A comparison between the field testing result and the pushover analysis results showed that the overall average 
of each differences of the base shears and displacements is 84.21%. It can be seen that the results are close each 
other and the pushover analysis can be used to assest a building when no available of test results.
2. This study produced an appraisal form of the vulnerability assessment of RC building to provide a condition of 
reinforced concrete buildings both structural and non-structural post-earthquake.
3. To determine the assessment of the RC building, this study showed that a proven of assessing a building 
physically / visually were agree with the calculations. Thus this study gave a guide to use a visual assessment 
of a RC building post earthquake.
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